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Description 

[0001] This invention is directed to a method of pro- 
dudng acetic add by a reactive distillation process from 
cart)onylation of methanol (MeOH) and/or dimethylether 
{DUE). 

[0002] The invention concerns in particular improved 
production of acetic add from methanol, DME or a com- 
k>ination of tfiese components over a homogeneous cat- 
alyst system contained in a distillation cdunrm. 
[0003] The catalyst may k>e any homogeneous carbo- 
nylation catalyst vyhich is stAiAAe m the reaction 
medium. 

[0004] The conventional acetic add synthesis is per> 
formed in a homog&ieous process, where methanol is 
carbonylated in a liquid, catalytic medium contained in a 
stirred reactor. Methanol derivatives such as methyl 
acetate and dimethyl ether may t>e applied instead of or 
in combination with methanol. Caitx>n monoxide reac- 
tant typically introduced at bottom of the reactor and 
distrSMJted in the Itquki. The catalyst system comprises 
one or more Groi4> VIII metal compounds, preferably 
rhodium or iridium and a haTide promoter. e.g. methyl 
iodide (Mel). 

[0005] Beside primary reaction (1 ) other reactions are 
taking place in the reaction medium. The most predom- 
inant are: 

MeOH + CO ^ HOAc (1) 

HaO + CO^Ha + COg (2) 

(CH3)0 + H20^2CH30H (3) 

CH^H + HI ,:t H2O + CH3I (4) 

CHaOH + CHsCOOH^CHgCOOCHa + HgO (5) 

[OOOS] Also sntall amounts of higher adds, primarily 
propanoic add, is synthesized in the process. 
[0007] The presence of water is essential to stabilize 
the catalyst system. So-called stakMlizers can be added 
to the reaction medium in order to reduce the water con- 
centration. A surplus of CO is required to keep the Cala- 
is system activated and unreact^ CO gas is purged 
from the liquid reaction medium at top of the reactor. CO 
gas (+ inerts and hydrogen synthesized by reactk)n (2)) 
stream drives off a fraction of volatile components from 
the lic^id, which is recovered and recyded l>ack to the 
reaction section. 

[QlSQB] The acetic add product is recovered in a liquid 
product stream from the reactor and separated by flash 
off from the catalyst containing reactk)n medium in a 
down-stream flash vessel operating at a pressure lower 
than the reactor pressure, typically at atx)ut 1 -2 bar. The 
liquid from the flash vessel containing the group VIII 
metal catalyst is recyded to the reactor by means of 
pumping. 



[0009] As acetic add is the least volatile major com- 
pound in the flash m^ium, the recovery of the acetic 
add produced unavoklaUy leads to the undesired flash 
off of wore volatile components also contained in the 
5 flash medium such as water, methyl iodide, mettryl ace- 
tate, hydrogen iodide and unconverted methanol and 
dimetfiyl ether. 

[001 0] In ord^- to recover these components from the 
product down stream the reaction section, they are sep- 
10 arated in several distillation columns and absort>ers and 
returned to the reaction sectk)n. 
[0011] The downstream separation process com- 
prises essentially three steps. 

IS 1. Primarily methyl iodide and hydrogen iodide are 
recovered in a light end column and returned to the 
reactor. 

2. Primarily water, methyl acetate, and remaining 
20 methyl iodide and hydrogen iodide are recovered in 

a dehydration column and returned to the reactor. 

3. Primarily propanoic add and a fraction of acetic 
acid is withdrawn from the bottom of a heavy er^ 

25 column, in whk^h also the product acetic acid is 
recovered. 

[0012] N^r'ious overhead £^ses are s^rated from 
metfiyl iot£de in an absorptk>n system. 

30 [0013] In the dehydration cdumn, hydrogen iodide is 
formed continuously by hydrolysis of methyl iodcde (eq. 
4) Eventually, this leads to the fbrmatfon of a hydrogen 
iodideAfifater/acetic add azeotrope. This azeotrope may 
t>e dissodated by actiition of ^all amounts of methanol 

35 to the dehydration column. 

[0014] Essentially, the resulting component effluents 
from the acetic add synthesis and purifkaftion sections 
are unconverted carbon monoxide (-i- gases) and the 
product acette add (+ byproducts). 

40 [0015] The fact that acetk; add is the least volatile 
major component in the reactfon mixture dedines the 
process economy because of energy consumptfon and 
investment in the conventional process layout 
[001 6] In the process of the present invention the less 

45 volatile acetic add is withdrawn at bottom of the distilla- 
tion column, while unreacted CO is witt^rawn at top of 
the column. The remaining reactants in the synthesis, or 
the products at the present chemical equilitKia, are 
remained inside a disbllatfon tower providing simultane- 

50 ous production and purification of acetk: acid product 
within a distillation column. Accordingty. this invention ts 
a process for the production of ac^ add connprising 
the steps of 

55 (a) cart>onylation of methanol, DME or reactive 
derivatives thereof in a homogenous catalyst con- 
taining solutk)n active in the cart)onylatk)n; 
(b) at the same time collecting the components tak- 
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ing part in present reactions and stripping off mainly 
unconverted cartXHi monoxide, hydrogen and inert 
gases, leaving the remaining components taking 
part in present reactions; and 
(c) at the same time as (b) distilling off the acetic 
actd product from at least part of the remaining 
components taking part in pr^nt reactions, and 
resupplying the remaining components taking |»rt 
in present reactions thus reduce in acetic acid to 
the cartx)nylation step. 

[001 7] An advantage of the present invention is that 
the acetic »»d product is eff tcientiy removed from the 
reaction zone in the reactive distillation process utilizing 
its \m volatility. 

[0018] The invention is described in greater detail in 
the follaiving description by reference to the drawings, in 
which Fig. 1 shows a ftowsheet of a specific embodi- 
ment of the invention. 

[001 9] The span of trays carrying catalyst containing 
liquid is referred to as reaction zone. The catalyst, which 
is dissolved in the reaction medium, is prevented from 
escaping the reaction zone by means of a total pump- 
around: All the !k)uid arriving at the bottom of the reac- 
tion zone is withdrawn (stream 30) and returned to a 
higher tray level. 

[0020] The tray underneath the reaction zone is fed by 
liquid (nain bypass stream 40) from a tray at)ove the 
reaction zone. An optional stream 50 (bypass 2) richer 
in water than stream 40 departing from a tray above that 
of the main bypass stream 40 serves to maintain the 
desired water concentration in the reaction zone. 
Stream 50 is evaporated, such that the water enrich- 
ment is performed in the reaction zone and not in the 
acetic add rectification part below the reaction zone. 
[0021] The condenser at top of tiie column reduces 
purge of highly volatile methyl iodida 
[0022] The span of trays t>ek3w the reaction zone to 
separate acetic actd and higher acids from the renriain- 
ing components. 

[0023] Cart»)n monoxide and the oxygenate feeds are 
both introduced bekyw the reaction zone. When the 
reactants pass the catalyst containing span of trays, 
they are converted into acetic add. A surplus of the car- 
bon monoxide serves to maintain an adequate cart)on 
monoxide pressure over the catalyst liquid and further 
to carrying the vaporized syntii^ed product (and 
other components formed of fiquid equilibrium reac- 
tions) upwardly in the column from the reaction zone. 
Carbon monoxide is withdrawn at top of the cdumn 
together with small antounts of essentially methyl 
iodide. The ren^ning components are witfidrawn in a 
liquid stream (main by-pass 1. stream 40) and sent to 
the lower part of the column. In the lower part of the col- 
umn the acetic add (stream 60) is withdrawn together 
with higher adds, while the components witii higher vol- 
atility are flowing up through the reaction zone of the 
column. 



[0024] Rom the top of the column a split stream 
(stream 70) of the unconverted carbon monoxide is 
optionally sent via a recyde compressor and mixed with 
caitx>n monoxide make-up (stream 10). Cart)on nx>nox- 
5 ide purge (stream 80) is purifi^ from methyl iodnJe in 
an at)sort)er. and the methyl iodide is returned to the 
distillation column. 

[0025] From the bottom of the column, the higher acid 
containing acetic add (stream GO) may be sent to a so- 

10 called heavy end column as in the conventional layout. 
[0026] The column is operated at 2S40 kg/cm?. The 
temperature in flie column is in the range 150-280''C in 
the reaction zone and the lower part of the column, 
whereas in the upper part of the cdumn the operation 

15 temperature range is from condenser temperature to 
about 200''C. 

[P027] The ntolar ratios of stream 10 and 20 may be 

1.2:1-2:1. The molar ratio of stream 10 and 70 aJmix- 
ture should be at a value providing a partial pressure of 

20 cartjon monoxide of at least 1 kg/cm^. preferat)ly at)ove 
5 kg/cm^ in the reaction zone of the column. The woUar 
ratio between the combined streams 10 and 70 to the 
comk^ned streams 20, 40 and 50 is in the range 0.5:1- 
3:1. The molar ratio between stream 30 and the com- 

25 bined streams 10, 20, 40. 50 and 70 is in the range 
0.5:1-2:1. 

[0028] The molar ratio t>etween stream 40 and stream 

60is2:1to10:1. 

[0029] The heat of reaction from the highly exothermic 

30 process is remove and e.g. recovered in a steam tx>iler 
heated by the pump-around stream (stream 30). 
[COSQ] As an advantage of ttie present invention, the 
reactive distillation column replaces several operation 
units of the conventional layout such as stirred cartx)n- 

35 ylation reactor, flasher, light end column, dehydration 
column, LP absort>er. pumps and pipes. 
[0031] As another advantage of the present invention 
the catalyst solution contrary to tfie known processes is 
not subjected to a flash vaporization. The flash opera- 

40 tion, as earned out in the conventional process, leads to 
a considerak)]e reduction in CO partial pressure render- 
ing the catalyst sut>|ect to inactivation and predpitation 
as d^ribed e.g. in EP 55,618, 161 ,874 and 250.189. 
[0032] The flash-evaporation of the conventional lay- 

45 out nay also lead to mist formation in the flash vessel, 
wherry small catalyst containing droplets, which are 
carried over to the distillation system down-stream. 
Thus, the process of the present invention eliminates 
the loss of catalyst associated with flash vaporization. 

50 [0033] It is essential to the process economy to ke^ 
the rtiodium catalyst foss at a minimum, as rtiodium is 
costly. 

[0034] A further advantage of the present invention is 
that hydrogen iodide will not accumulate in the column, 
55 because the oxygenate feed (stream 20) is introduce 
to the distillation column at a stage elimlnatir^ the aiti- 
cal water limit of the cdumn at which the hydrogen 
iodide is nomelly accumulated, due to the dissodation 
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induced azeotrope. By introducing the oxygenate feed 
stream at a number of trays below the reaction zone, 
hydrogen iodide is efficiently converted into methyl 
iodide in the presence of methanol. 
[0035] K the demand on water concentration is low. s 
the intemal liquid flow and cartxin nrKXioxide flow rates 
are relatively low. 

[0036] tf the demand on the water concentration is 
high, a large CO recycle Is required, and a secondary 
bypass stream richer in water than bypass 1. which is io 
evaporated Isypass 2 (stream 50) is introduced benefi- 
cially. The number of trays t>elow the reaction zone must 
be increased accordingly in order to obtain proper sep- 
aration. 

[0037] At high internal flow rates, a net heat supply of is 
about 0.8 Gcal/MT HOAc is required (which is similar to 
the equivalent range of the conventional acetic add syn- 
thesis), while at low intemal flew rates, the net heat 
requirements are considerably reduced or even slightly 
negativoL so 

Claims 

1 . A process for the production of acetic acid compris- 
ingthestepsof 2S 

(a) cartxxiylation of methanol, DME or reactive 
derivatives thereof in a homogenous catalyst 
containing solution active in the carbonylation; 

30 

(b) at the same time collecting the components 
taidng part in present reactions and stripping 
off mainly unconverted cartxxi monoxide, 
hydrogen and inert gases, leaving the remain- 
ing components taking part in present reac- 3S 
tions;and 

(c) at the same time as (b) distilfing off the ace- 
tic acid product from at least part of the remain- 
ing components taking part in present 40 
reactions, arvj resupplying the remaining com- 
ponents taking part in present reactions thus 
reduced in acetk; ackJ to the cartx>nylation 



45 

A process as recited In claim 1 . wherein the simul- 
taneous steps (b) and (c) are carried out at the 
same pressure level as (a). 

A process as recited in claim 2, wherein the simul- so 
taneous steps are conducted within a distillation 
column. 

A process as recited in daim 1 . wherein the catalyst 
system comprises at least one element of Group ss 
VIII metal compounds. 
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